Abstract-Human fetal heart rate (HR) variabilities were analyzed using the QIS-A, which we devised to determine a fractal dimension of non-stationary time series. Fifteen 10-min HR data of an anencephalic fetus at 23 weeks and 3 days of gestation and those of 10 normal fetuses at the same weeks of gestation were obtained by ultrasonic cardiography. The anencephalus preserved the spinal cord, medulla and partial anterior hypothalamus. The fractal scaling exponent α of the anencephalus was compared with that of each normal fetus by Student's t-test. In results, the scaling relationship in each case had a crossover pattern characterized by α s and α , which were slopes above and below a crossover point, respectively. Differences in mean α s and mean α between the anencephalus and each normal fetus were significant (P < 0.01): mean α s , 1.0 ± 0.1 (±SD) (1/ f fluctuation) and 1.6 ± 0.2 (±SEM); mean α , 1.6 ± 0.2 (±SD) and 1.4 ± 0.1 (±SEM). There were six significant differences in mean crossover point between the anencephalus and each normal fetus: 13.8 ± 5.7 s (±SD) and 15.3±5.6 s (±SEM). These results reveal the relationship between fractal structure of fetal HR variability and the developing central nervous system (CNS). In particular, the 1/ f fluctuation of HR variability in an anencephalic fetus from the 1.25 to 13.8 s time scale might have a strong relation to the defect of the CNS.
INTRODUCTION
Fractal structures of human fetal and adult heart rate (HR) variability are influenced by the function of the central nervous system (CNS), sympathetic and parasympathetic nervous system, autonomic reflexes, and behavior [1, 2] . In particular, the CNS plays an important role in fetal HR variability [3, 4] . However, detailed mechanisms of their fractal structures have not been fully understood, not only due to difficulties in evaluation of the human fetal CNS but also due to the high sensitivity of previously applied statistical measures, especially spectral analysis [5] .
In the present study, we analyzed HR variability of an anencephalic fetus autopsied in detail as well as normal cases by a new analysis using quartile deviation of integrated and subtracted fluctuations, termed QIS-A, to speculate on the areas of the CNS generating their fractal structure.
MATERIALS AND METHODS

QIS-A algorithm
A summary of the QIS-A is shown in Fig. 1 and is explained as follows. A fluctuation is divided into boxes of equal length (n) and deviations from the local mean in each box are integrated. This integrated fluctuation is shifted by subtraction of its own local mean. The quartile deviation, Q(n), of all integrated and subtracted fluctuations is calculated as an index of the variation at n-point segmentation. These computations are repeated over all scales (n). The fractal scaling exponent is determined as a slope (α) of the line relating log Q(n) to log n, as shown in Fig. 2. 
Data sampling and analyses
Fifteen 10-min HR data of an anencephalus at 23 weeks and 3 days of gestation were recorded by cardiography with a ultrasonic Doppler transducer and an autocorrelation method [6] . The fetal HR data were stored every 250 ms in an online microcomputer. The autopsy immediately after termination, the day after the recording, revealed preservation of the spinal cord, medulla and partial anterior hypothalamus. As a control group, 15 10-min HR data in each of 10 normal fetuses at 23 weeks of gestation were recorded and stored in same manner.
After deletion of log Q(n) whose relation to log n had no power-law-scaling relationship, plots of log Q(n) versus log n were individually analyzed using a piecewise linear regression analysis to search statistically for a crossover point determined by the minimum Mallow's C p in each 10-min HR variability [7] . Fractal scaling exponent α s and α (below and above a crossover point, respectively) were calculated by the least-squares method. These procedures are shown in Figs 3 and 4. Differences in mean α s , mean α and mean crossover point (±SD) between the anencephalus and each normal fetus were tested by Student's t-test.
RESULTS
In the anencephalic fetus, the relation of log Q(n) to log n below the 1.25 s time scale had no power-law-scaling relationship; the relations in all 10-min HR series
